Comment on "New Mean-Field Theory of the tt'f'J Model AppHed to the High-Tc 

Superconductors " 
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The authors of ref . [l| introduce a new mean-field (MF) 
approach to the t-J model of strongly correlated elec- 
trons in terms of lattice spinous and doped carriers, by 
constructing an enlarged Hilbert space with physical and 
unphysical states. The purpose of this construction is 
clear: to address the relaxation of the non-double oc- 
cupancy (NDO) constraint for the lattice electrons in a 
controlled way. In this Comment, we show that the un- 
physical states are not properly excluded and despite the 
claimed good agreement of their results with experiment, 
the consistency of their MF theory is unmotivated. 

The original on-site 3d Hilbert space of the t-J Hamil- 
tonian restricted by the NDO constraint includes a lattice 
electron spin-up state, a lattice electron spin down-state, 
and a vacancy state: Hphys ■= {\ l),] i),|0)}. In or- 
der to recast such a model in terms of the spinon and 
Gutzwiller projected dopon operators, the authors con- 
sider instead the enlarged on-site Hilbert space, H*^"' — 
{\ T,0),| i,0),| t,T),l T,i),l i,T),l Here the 

first label denotes the up and down states of lattice 
spins, whereas the second corresponds to the three do- 
pon on-site states, namely, the no dopon, spin-up and 
spin-down dopon states. The physical space Hphys can 
then be identified with the 3d subspace Hpffyg by the 
following covariant mapping, |T)^ITiO)j|i)^li 
,0), |0} ^(1 T,i) - I i,T))- The unphysical states 

are {| T,T),I IA),^{\ T,i) + I i,T))} = 
Under this mapping, |0)(T | ^ ^(| T, i) - I i,T))(T 

C|. Although S and 


d<j = c?cr(l — rfLcrC^-cr), by definition, act in the whole 
of 7i™', mixing up physical and unphysical states, their 
specific combinations given by the Ca operators act, as 
correctly stated in only on Hpf^^y^ annihilating all 
the unphysical states. This is because the operators 
are by construction isomorphic to the Hubbard opera- 
tors |0}(cr|, which satisfy the NDO condition. However, 
the MF t — J Hamiltonian cannot be written in terms of 
Ccr operators only and necessarily acts in H^"'. In this 
enlarged space the NDO completeness relation given by 

^(1 T,i)-U,T))((T,i |-a,T l) + l TO)(T o| + UO)a 

0| = 1 just becomes a constraint. It must be imposed to 
avoid mixing of physical and unphysical states. In terms 
of the spinon and dopon operators this constraint reads, 
C = - 3/4(1 -n) = 0. Here J S + M is the total 


spin on each lattice site, and M = d^ad and n = d^d 
are the local dopon spin and number operators, respec- 
tively. This means that the on-site total spin can either 
be j = or j = 1/2, excluding the unphysical states with 

J - 1 H. 

This constraint is missed in In contrast with 

the exact representation given by their Eq.(2), the MF 
Hamiltonian (3) mixes up both physical and unphysical 
sectors and the unphysical states contribute to the MF 
phase diagram. Contrary to the statement made in 0|, 
the operator constraint Ci = is not equivalent to the on- 
site conditions UiJi — in the enlarged space. As a con- 
sequence, in contrast with the average constraint based 
on the completeness relation, the conditions < riiJi >= 
do not discriminate between physical and unphysical 
states, making their MF theory inconsistent [J]. Note 
finally that the unphysical states may affect the dopon 
and spinon Green functions even beyond the MF approx- 
imation. For example, for any H = H{cl,Ca) one gets. 


tr{d\{t)d^) = tr{e-''^ dy^ d^) = tr{d]{t)d^)c=o + (TT 

|(e-*^J|e^*^dT)| TT) = tr{d\{t)d^)c=o + {^,0\e-''''"\ T 
,0), demonstrating that the unphysical state | T) T) pro- 
duces a non-trivial contribution if not excluded by the 
constraint. 
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up the states in HZ 


nphyi 


so that < UiJi >- 


: for 

the unphysical states | t|)i + | and | tT)i + 6*"*! 
Moreover, since < Ji >^ in the ferromagnetic ground 
state of the U — oo Hubbard model (where the doubly oc- 
cupied states are strictly prohibited), the vanishing of the 
average magnitization claimed in [3] is a condition neither 
sufficient nor necessary for the NDO constraint to hold (as 
opposed to the requirement < d 0). 


